It is now well established that there is a linear decrease in food intake of humans over the life span [1] . This occurs in the face of an increase in weight and body fat in middle age. This conundrum suggests that the increase in weight at middle age is not caused by alterations in food intake but rather by changes in physical activity, metabolic rate, or efficiency at laying down adipose tissue. In this chapter we will first review the pathophysiological mechanisms associated with the development of the anorexia of aging and then briefly review the causes of malnutrition in older persons. In the final two sections we provide new data on the relation of leptin to the Mini Nutritional Assessment (MNA) and the relation of the MNA to malnutrition in an older, free-living, inner city African American population.
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Anorexia of Aging
Dysregulation of food intake in healthy elderly people has been clearly shown [2, 3] . Roberts et al. [2] found that when older persons were either underfed or overfed, they were less capable of altering their food intake to return their weight to premanipulation levels. Wurtman et al. [3] showed that healthy older people ingest less food than younger people and that this is predominantly due to a reduction in fat intake. In our studies we have found that older persons have a greater degree of satiation following a standard meal than younger persons [4] . Older people have a delay in gastric emptying and this is related to the degree of hunger experienced. Antral size is directly related to the degree of fullness experienced following a meal [5] . Infusion of liquid nutrients into the duodenum decreased the feeling of hunger in younger but not older people [6] . These findings strongly implicate the stomach in the pathogenesis of the early satiation that occurs in older people. Nitric oxide plays an important role in allowing adaptive relaxation of the fundus of the stomach. It also plays a role in increasing food intake in animals [7] . Preliminary data suggest that nitric oxide deficiency may lead to decreased fundic compliance in aging and therefore to more rapid antral filling and earlier satiation [1] .
Older animals have an increased response to the satiating effect of cholecystokinin (CCK) but not to other satiating peptide hormones [8] . CCK concentrations are raised in elderly persons, particularly those with malnutrition [9] . CCK delays gastric emptying, and these studies suggest a role for CCK in the enhanced satiation seen in older people.
Older people often have impaired enjoyment of the hedonic qualities of food. The exact contribution of the changes in taste and olfaction with aging to altered food intake remains uncertain. There is a clear, universal decline in olfaction with aging [1] . The aroma of food and the release of volatile organic acids from food in the mouth are major determinants of the enjoyment of food. Decline in the different taste modes also occurs with aging, though the magnitude of change is controversial.
With aging, there is often an increase in dyspeptic symptoms. These can lead to what has been characterized as "anorexia dolorosa." The possible role of Helicobacter pylori and bacterial overgrowth in the small intestine in this form of anorexia remains to be determined.
Many older persons have increased circulating levels of cytokines, resulting from chronic inflammatory diseases such as arthritis. These cytokines, for example interleukin-1 and tumor necrosis factor, decrease appetite as well as increasing the prevalence of sarcopenia [10, 11] . The measurement of soluble interleukin-2 receptors appears to be a useful method to recognize this subpopulation. Severe cytokine excess will lead to decreased albumin levels, increased tryptophan entry into the brain, with an increase in serotonin and corticotropin-releasing factor (CRF) in the hypothalamus. CRF is a potent anorectic agent [12] . This syndrome has been termed pathological senile anorexia [13] .
Finally, it is well documented that various central nervous system neurotransmitters are altered with aging. Many of these neurotransmitters have been involved in the modulation of food intake [14] . In particular, animal studies have suggested that the decline in opioid receptors with aging may play a pivotal role in the pathogenesis of the physiological anorexia of aging. Dynorphin, the endogenous kappa opioid receptor stimulant, plays a key role in the maintenance of fat intake. A decrease in the opioid feeding drive has been demonstrated in older animals [15] . The potential role of other neurotransmitters is deserving of more attention.
In this section we have reviewed the evidence for a physiological anorexia of aging and its multifactorial etiology (Fig. 1) . In particular, it is clear that both peripheral factors, for example the rate of stomach emptying, and central nervous system factors, for example decline in the opioid feeding drive, play a role in the development of the anorexia of aging.
Causes of Malnutrition in Older Persons
There are multiple causes of protein-energy malnutrition in older persons (Table 1). These can be characterized as those due to social problems (such as poverty), psychological problems (depression), medical conditions which induce either anorexia (gallstone disease) or hypermetabolism (hyperthyroidism), drugs, and general disability (failure in the activities of daily living). It has now been shown that the most common cause of weight loss both in medical outpatient populations [16] and nursing home populations [17, 18] is depression.
We have found that physicians often fail to recognize and treat malnutrition when it occurs in older persons [16, 19] . As an aid to physicians to help to remember the causes of malnutrition in the clinical setting, we have developed the MEALS-ON-WHEELS mnemonic (Table 2 ) [20] . 
Leptin and the Mini Nutritional Assessment
Leptin is a peptide hormone produced by adipose cells. Deficiency of leptin is responsible for the development of obesity in the genetically obese (ob/ob) mouse [21] . There is an increase in leptin concentrations at middle age, which is related to the increase in body weight and fat cell mass that occurs at that period [22] . This is then followed in females by a decline in leptin concentrations that parallels the decline in fat cell mass occurring in old age [22] . Leptin concentrations are strongly related to waist/hip ratio and the levels of the sex hormones (estradiol and testosterone). Leptin concentrations are higher in older females than males (Fig. 2) . Testosterone replacement in older males with low bioavailable testosterone levels results in a decrease in leptin levels [23] . In the New Mexico Process Study of Longitudinal Aging, we found that, unlike in females, leptin concentrations increase with age in males, and this is related to the decline in testosterone [Baumgartner R, Garry PJ, Vellas B, Perry HM, and Morley JE, unpublished observations]. These data strongly argue for a role of testosterone in the regulation of leptin concentrations in males.
We have studied the relation of leptin concentrations to the MNA, using specimens collected in the Toulouse study [24] . As can be seen in Figure 3 , leptin levels are highly correlated with the MNA in females, but there is no such correlation in males. The predictive factors for the MNA are given in Tables 3 and 4 . An r 2 value of 0.5969 could be achieved by including age, leptin, body mass index (BMI), and albumin. A better predictive equation (r 2 = 0.8137) was obtained with age, leptin, mini-mental status, activities of daily living, midarm muscle circumference, and ceruloplasmin. Leptin concentrations were predicted by sex, midarm circumference, albumin, and retinol binding protein (r 2 = 0.4611; Table 5 ).
The MNA and Scales in Inner City African Americans
At St. Louis University we have used a nutritional index called SCALES (Table 6) [19] . We have undertaken a large epidemiological study of aging among inner city African Americans [25] . We have previously reported that this popula- tion is at high nutritional risk compared with most other elderly populations [26] . To examine the nutritional status in this group, we used our database to construct a proxy for the MNA [see Miller et al. , in this volume, for the methodological details]. In this chapter we examine the relation of SCALES to MNA.
The SCALES index was highly correlated with the MNA (r 2 = -0.45730, p ! 0.0001, n = 101). Addition of tooth problems to the SCALES index produced a small improvement in the correlation (-0.50044), and SCALES together with illness affecting diet enhanced the correlation to -0.59150. The negative correlation is due to the fact that with the MNA the lower the score, the higher the nutritional risk, and with SCALES the higher the score, the higher the nutritional risk.
Neither SCALES nor MNA correlated significantly with BMI. Of interest was a tendency of SCALES to correlate positively with BMI, suggesting that in this population extreme overweight is a risk for the development of protein-energy malnutrition. SCALES (0.18221, p ! 0.05) correlated with the blood urea nitrogen to creatinine ratio, whereas MNA did not (-0.14925). Table 6 . The Saint Louis University SCALES nutritional index S adness -geriatric depression scale of 25 or greater C holesterol -below 160 mg/dl A lbumin -below 4 g/dl L oss of weight -5 pounds (2.4 kg) in 6 months E ating problems S hopping (inability to do for oneself) 1 point for each F maximum nutritional risk score is 6. Table 7 compares the Pearson correlation coefficients for SCALES and MNA as they relate to functional status. Both the MNA and SCALES were significantly correlated with the Katz basic activities of daily living score, the Lawton instrumental activities of daily living score, quality of life, a modified Rosow-Breslau scale of function, and the seven item physical performance test [24; Miller et al.,  this volume, for details of these tests]. In this population, SCALES was more predictive of higher physical performance as measured by the six-meter walk, Tinetti gait and balance, time to stand eight times without using arms, and the timed get up and go test. SCALES, but not MNA, predicted falls over the last 3 months and in particular the number of injurious falls. None of these functional indices was significantly correlated with BMI.
Both SCALES and MNA were strongly correlated with the geriatric depression scale. SCALES, but not MNA, was correlated with the mini-mental state examination score. BMI was correlated with the mini-mental state score but not with the geriatric depression scale.
Overall these findings confirm the value of both the MNA and SCALES as tests of nutritional status. Both tests were strong predictors of basic functional status in this population. SCALES was a better predictor of endurance, and perhaps balance, than the MNA. The reason for this may be that the central role of albumin and cholesterol in SCALES may lead to an increased identification of diseases that would be associated with a cytokine excess, for example arthritis. In addition, SCALES identifies a number of overweight subjects with weight loss who would not be identified by the MNA but would be unlikely to be able to maintain high endurance functions. Overall, these findings confirm the role of good nutritional status in preventing functional deterioration in old age.
The fact that depression is a strong predictor of poor performance on theMNA confirms the central role of depression in the pathogenesis of protein-energy malnutrition in older persons. This finding underlines the importance of screening for depression in free living older subjects who develop weight loss. Depression is the most treatable cause of weight loss in older persons.
Summary
In this chapter we have reviewed the evidence for physiological anorexia of aging and stressed that its pathophysiology involves both central and peripheral mechanisms. Early satiation in the older person appears to involve signals predominantly arising in the stomach. The increased feeling of satiety in older persons is mainly related to changes in the central feeding drive, in particular a decrease in the opioid rewarding properties for fatty foods. Increased cytokines, secondary to inflammatory conditions which are common in old age, may further increase the anorexia seen in older persons.
Leptin, the fat hormone, is an excellent indicator of fat mass in women, in whom leptin concentrations correlate with the MNA. In men, testosterone inhibits leptin, and the fall in testosterone with age results in an increase in leptin concentrations. In males the MNA is not related to leptin concentrations.
Finally, we have examined the interrelation of two nutritional screening indices, MNA and SCALES. The two indices were well correlated and were both predictive of poor basic function. We conclude that the MNA is an excellent predictor of nutritional status. These findings suggest that malnutrition is a major predictor of frailty or the "failure to thrive" syndrome in older persons. Depression is a major cause of poor nutritional status in older persons.
Discussion
Unidentified participant: It looks as though the correlation between MNA and the SCALES was quite good, but they diverged a lot for certain predictors. Do you have an explanation for this?
Dr. Morley: I think the basic difference between MNA and SCALES is the laboratory tests. Otherwise they are very similar. The screening approach to someone who is malnourished should be to do the simplest screening test, which would be the MNA, and if there appears to be malnutrition, to follow this up with at least an albumin and a cholesterol determination. This will identify people who are malnourished but with less weight loss -in other words those who are really developing kwashiorkor. I think the SCALES are more useful for the kwashiorkor rather than the marasmic type of picture. Most older people appear marasmic, but the subset with a kwashiorkor-like picture do worse. The other possibility is that SCALES also reflect cytokine activity, because as we know the cytokinesparticularly tumor necrosis factor and interleukin-1 and 2 -will cause a reduction in albumin and cholesterol. So you may be getting a mixed picture with SCALES, one that particularly identifies frailty because these are people who also have other processes going on that interfere with muscle strength.
Unidentified participant: It is surprising that there is such a strong correlation between the MNA and albumin.
Dr. Morley: The strongest correlations with the MNA have been over periods of time or in larger populations. The MNA seems to be good at reflecting early malnutrition, while the SCALES will pick up later more full-blown nutritional disease. Over time, the MNA predicts albumin very well in large populations, because the MNA identifies the ill malnourished person. But the MNA also picks up a group that is at risk a little earlier than the SCALESthat is, a healthier population more likely to develop problems in the future if you don't interfere. That makes the MNA a very good test in this setting.
Dr. Schiffrin: Does this diminution of nitric oxide synthase that you showed in the stomach occur in the muscle layer, and is this local diminution also general in the rest of the body? Could it, for example, explain hypertension?
Dr. Morley: In the stomach, we measured the whole stomach layer, but it was mainly smooth muscle, not endothelium that we were measuring. As to the second part of your question, this is a fascinating area, and I'm going to give you my best guess. We have looked at NOS in monocytes and have shown that it increases with age, unlike in endothelium and in the fundus of the stomach. Therefore there is more circulating nitric oxide as we get older. I think this increase in circulating nitric oxide downregulates the changes that we are seeing in the endothelium and in the stomach. So the monocyte appears to be driving the other changes. It seems likely that it does play a major role in the development of hypertension, and we also have some data suggesting that tumor necrosis factor · is involved in the production of diabetes in older people and the hyperglycemia of aging, and that insulin resistance is dependent on nitric oxide. We think the syndrome X, which is well described in middle aged and older people, is due to this excess production of nitric oxide.
Dr. Schiffrin: You emphasize that monocytes are activated in the elderly. Do you mean in general, no matter what the nutritional state?
Dr. Morley: I can't tell you whether or not it is related to nutrition; we are looking at that at the moment. Maybe one of the questions that would be worthwhile asking, particularly in relation to the use of MNA, is whether you cause changes in the nitric oxide levels by nutritional rehabilitation.
